Introduction
Gorlin-Goltz syndrome, which is a neurodermal syndrome, was first reported by Gorlin and Goltz in 1960 [1] . It is also called nevoid basal cell carcinoma syndrome [1] [2] . This syndrome is an autosomal dominant disorder [2] [3] , and it is associated with chromosome 9q22.3-q31 [4] .
In 1996, it was reported that the causative gene of nevoid basal cell carcinoma syndrome is the human homolog of the Drosophila patched gene PTCH1, which is a receptor of the hedgehog protein [5] . To date, some PTCH1 mutations have been identified in patients with Gorlin-Goltz syndrome [6] . In Japan, the Gorlin-Goltz syndrome is reported to occur in 1 in 235,800 people [7] .
Gorlin-Goltz syndrome is a disease characterized by developmental anomalies, such as palmar pits and rib anomalies, and tumorigenesis, such as medulloblastoma and basal cell carcinoma [8] . The diagnostic criteria for Gorlin-Goltz syndrome were proposed by Kimonis et al. of the National Institutes of Health in the United States, and were composed of six major and six minor criteria (Table 1 ) [9] . Among these criteria, the proportion of women aged 16 - 45 years with an ovarian fibroma ranged from 12.5% to 17.0% [7] [9] . Some surgical cases of Gorlin-Goltz syndrome with an ovarian tumor have been reported [10] [11] . One study reported the use of conservative treatment for recurrent ovarian fibromas in a 22-year-old patient with Gorlin-Goltz syndrome [10] , and the other described a case of Gorlin-Goltz syndrome complicated with hydronephrosis due to a huge ovarian tumor [11] . However, no studies have mentioned subsequent fertility preservation by using oocyte cryopreservation process.
We report on a case of Gorlin-Goltz syndrome in a patient who underwent oocyte cryopreservation before tumorectomy. Herein, we describe the patient's treatment course and provide a literature review.
Case Report
A 20-year-old woman (unmarried, gravida 0) with Gorlin-Goltz syndrome was referred to the Department of Obstetrics and Gynecology of Niigata University Graduate School Medical and Dental Science, Niigata, Japan for follow-up of a recurrent ovarian tumor and future preservation of fertility.
Medical History
The patient had delayed physical development during infancy; it took her 1 year, 8 months to walk, but eventually, she caught up with her age group. From early Open Journal of Obstetrics and Gynecology childhood, palmar pits were conspicuous during bathing, but she had no other symptoms. PTCH1 gene analysis was performed using genomic deoxyribonucleic acid extracted from peripheral blood, and a heterozygous mutation c.2369_2370delTT
(p.F790Yfs*38) was identified in exon 15 of the PTCH1 gene. On the basis of the aforementioned results and the patient's medical history, a diagnosis of Gorlin-Goltz syndrome was confirmed. Her brother's and parents' genes were not analyzed, as they did not show any symptoms.
Clinical Course
The dermatologist at our hospital advised the patient that recurrence of the ovarian tumor was possible and recommended a visit to the gynecologist who performed the initial surgery. As anticipated, recurrence of the ovarian tumor was detected 5 years postoperatively by transvaginal ultrasonography.
The patient also underwent magnetic resonance imaging. A left ovarian tumor with a diameter of 36 mm was detected. The tumor had a low signal intensity on T1-weighted/T2-weighted imaging, and a solid lesion was detected with contrast-enhanced imaging. Benign tumors, such as a fibroma and thecoma, were suspected ( Figure 3 ). Because the recurrent ovarian tumor was also thought to be affected by Gorlin-Goltz syndrome, a multidisciplinary treatment approach was considered appropriate. The patient was referred to the Department of Obstetrics and Gynecology of Niigata University Graduate School Medical and Dental Science, Niigata, Japan, for follow-up of the ovarian tumor. In addition, she hoped for a second opinion about preservation of fertility in the future.
Laboratory Findings
Findings of the pelvic examination showed that the left ovarian tumor was palpable and mobile. The solid, left ovarian tumor measured 25 mm with a 20-mm diameter, as detected by transvaginal ultrasonography.
Basal hormone data were as follows: prolactin level, 12.3 ng/mL; luteinizing hormone level, 3.7 mIU/mL; follicle-stimulating hormone level, 9.2 mIU/mL; estradiol level, <20 pg/mL; testosterone level, 18.47 ng/dL; and anti-Müllerian hormone (AMH) level, 1.53 ng/mL.
The findings did not indicate that surgical intervention was required; hence, follow-up was planned. However, the tumor size increased to 56 mm, and the tumor volume increased during the follow-up (Figure 4 ).
If the tumor became twisted again, salpingo-oophorectomy would be necessary, and the patient would be at possible risk of loss of fertility. Hence, we obtained the patient's informed consent to perform tumorectomy. The risk of premature ovarian failure after tumorectomy was also considered. Therefore, we performed oocyte cryopreservation to her preserve fertility before tumorectomy.
This disease has autosomal dominant inheritance [2] [3], so we explained to the patient the possibility that 50% of her children derived from cryopreserved oocytes in assisted reproductive technology could develop Gorlin-Goltz syndrome. She also provided consent to undergo oocyte cryopreservation. Additionally, oocyte cryopreservation for this patient was approved by the Clinical Ethical Committee of Niigata University Medical and Dental Hospital. The short protocol was chosen as the controlled ovarian stimulation protocol for egg collection. On the first attempt, from day 5 of the menstrual cycle, 150 U of human menopausal gonadotropin (hMG) was intramuscularly injected daily. The administration of nasal drops of gonadotropin-releasing hormone (GnRH) agonist (900 µg/day; Suprecur, Mochida Pharma) was started at the same time. After 1200 U of hMG was injected intramuscularly, we confirmed the presence of four mature follicles measuring 15 mm or more. Additionally, 10,000 U of human chorionic gonadotropin was injected intramuscularly as a trigger. After 34 hours, we transvaginally punctured the four mature follicles with an 18-gauge (G) needle and collected one metaphase stage II (MII) egg. On the same day, we cryopreserved an MII oocyte by using the ultra-rapid vitrification method (Cryotop Safety Kit Protocol, Cryotop Method for VT505-TOP-KIT, Kitazato Corporation).
Subsequently, the patient hoped to undergo oocyte cryopreservation one more time as only one frozen egg was preserved the first time. Using the same method, we induced ovulation by using the short protocol. After 1800 U of hMG was injected intramuscularly, we confirmed the presence of two mature follicles measuring 18 mm or more. On the next day, 10,000 U of human chorionic gonadotropin was injected intramuscularly as a trigger. After 34 hours, two mature follicles were punctured transvaginally by an 18-G needle, and we collected an MII egg. On the same day, we cryopreserved the MII oocyte in the same manner as mentioned previously.
At 22 years of age, the patient underwent tumorectomy of the left ovarian tumor by laparotomy. The final histopathological diagnosis of the tumor was a fibroma ( Figure 5 ). Postoperatively, menstruation returned to normal, and we observed antral follicles by transvaginal ultrasonography. 
Discussion
Regarding diagnostic criteria for Gorlin-Goltz syndrome, Kimonis et al.'s study is often quoted. They reported that the diagnosis of Gorlin-Goltz syndrome can be made when two of the six major criteria or one major and two of the six minor criteria are met [9] . In our case, the patient satisfied the three major criteria (odontogenic keratocysts of the jaw, three or more palmar pits, and bilamellar calcification of the falx cerebri) and three minor criteria (macrocephaly, coarse facial features, and ovarian fibroma). Her brother and parents did not show any of the aforementioned symptoms; hence, the mutations identified in this case are most likely de novo mutations. However, it is unknown at which stage the mutation occurred. Because Gorlin-Goltz syndrome has various symptoms, as shown in our case, it tends to be diagnosed after the patient has visited several departments.
Generally, an ovarian fibroma can develop at any age, but it most frequently develops during middle age, at an average age of 48 years; fewer than 10% of the cases are encountered in patients younger than 30 years [12] . The onset of ovarian fibrothecoma in our case was 15 years of age, which was early. This may be an effect of Gorlin-Goltz syndrome.
Recurrence was detected at 5 years postoperatively in our patient (at 20 years of age). There are other reports of recurrent cases of ovarian tumors in young patients with Gorlin-Goltz syndrome [10] , and preservation of fertility in Gorlin-Goltz syndrome seems problematic. We used a follow-up approach because our patient had a small tumor at the time of recurrence; however, subsequently, we observed an increasing trend in the tumor size.
There are case reports of ovarian fibrosarcoma developing in basal cell nevus Open Journal of Obstetrics and Gynecology syndrome [13] . In the present case, no malignant sign for ovarian tumor was revealed on the image. Thus, careful observation is required for follow-up of similar cases.
When we selected conservative observation, there was a risk of re-torsion and a chance that normal ovarian preservation by surgery could not be sufficiently performed after the tumor increased in size. Therefore, we presented tumorectomy for recurrent ovarian tumor as a choice to the patient. Because she had undergone right salpingo-oophorectomy and left ovarian tumorectomy previously, her AMH level was 1.53 ng/mL. It was reported that the mean AMH level was 4.18 ng/mL in 1009 Chinese women aged 26 -44 years [14] . Thus, our patient's AMH level was relatively low. Under this circumstance, when tumorectomy for recurrent ovarian tumor is implemented, premature ovarian failure onset may occur; thus, we decided to cryopreserve her oocytes before tumorectomy.
The AMH level and predicted response to ovulation induction in our patient were low. In a study on the ovulation induction method for poor responders, the difference in the number of MII oocytes retrieved was statistically significant between the short GnRH agonist protocol group and standard flexible GnRH antagonist protocol group and between the short GnRH agonist protocol group and clomiphene citrate plus gonadotropins in a flexible GnRH antagonist protocol group (P < 0.015) [15] . Hence, we used the short GnRH protocol as the controlled ovarian stimulation protocol.
The survival rate of cryopreserved embryos after thawing in the ultra-rapid vitrification method is approximately 95% [16] [17] . In contrast, the survival rate of cryopreserved oocytes after thawing is reported as 84.7% (2304/2721) [18] . There is a possibility that the survival rate after thawing may be slightly decreased in cryopreserved oocytes than in cryopreserved embryos. However, even a high survival rate after thawing can be expected in oocyte cryopreservation. In a randomized controlled trial comparing assisted reproductive technology, results of 4282 vitrified oocytes and 3524 fresh oocytes showed that ongoing pregnancy, embryo cleavage, and fertilization did not differ between the two [19] .
In 2013, the American Society for Reproductive Medicine and the Society (ASRM) reported no increase in the incidence of chromosomal abnormalities and developmental disorders on examination of frozen egg-derived infants. Therefore, the ASRM issued a statement that oocyte vitrification and warming are no longer experimental procedures [20] . Moreover, the clinical pregnancy rate per thawed oocyte was reported to be from 4.5% to 12% [20] . On the basis of these data, about 10 eggs are thought necessary to obtain one child. With the limited time and cost and physical burden considered, it seemed very difficult to cryopreserve 10 eggs in the present case. A third egg collection could not be performed because the patient was unable to pay for the high cost of this treatment. In the prefecture of Japan where we live, oocyte cryopreservation for medical adaptation is not subject to subsidy from the administration, although government intervention is expected in the future.
Generally, ovum cryopreservation is performed before chemotherapy for patients with malignant disease, as a social adaptation, and in emergencies, such as when the husband's sperm cannot be obtained during egg collection. There are a few reports of oocyte cryopreservation before operative treatment of a benign ovarian tumor. In rare cases of Gorlin-Goltz syndrome wherein both ovarian tumors are detected at an early age and a low AMH level is observed, oocyte cryopreservation could be presented to the patient as an option of fertility preservation preoperatively. Although our patient preserved the possibility of pregnancy by cryopreserving her oocytes, conceiving a child naturally would have been most desirable at an early stage. In addition, as our patient has a risk of developing basal cell carcinoma, multiple treatments by experts from other fields are being continued.
Human Rights and Informed Consent
All procedures followed were in accordance with the ethical standards of the responsible committee on human experimentation (institutional and national) and with the Helsinki Declaration of 1964 and its later amendments. Informed consent was obtained from the patient for inclusion in the study.
Animal Studies
This article does not contain any studies with animal subjects performed by the any of the authors.
Approval by Ethics Committee
Oocyte cryopreservation for this patient was approved by the Clinical Ethical Committee of Niigata University Medical and Dental Hospital.
Clinical Trial Registry
Not applicable.
